Previous studies proposed that routine repeat head computed tomography (RHCT) is of little value in patients with a minimal head injury (MHI) and normal neurologic examination (NE). As of 2003, routine RHCT in these MHI patients was ordered at the discretion of the attending physician. The goal of this study was to compare the neurologic outcomes of MHI patients with an intracranial bleed and a normal NE who were managed with or without a routine RHCT.
A pproximately 1.6 million Americans sustain a traumatic brain injury (TBI) each year. 1 The majority of TBIs are classified as minimal head injury (MHI), defined as a loss of consciousness and/or retrograde amnesia with a Glasgow Coma Scale (GCS) score of more than 12.
2 The current management of MHI patients with an intracranial bleed (ICB) consists of an initial head computed tomographic (HCT) scan followed by a repeat HCT (RHCT) within 24 to 48 hours of admission to monitor for progression of intracranial injury. 3 The value of routine RHCT in TBI patients has not been substantiated. 4 Recent studies propose that RHCT in MHI patients with ICB are only warranted if clinical evidence of neurologic abnormality or deterioration develops after the initial HCT. 5Y8 Approximately 75% of MHI patients have a normal neurologic examination (NE) after the initial HCT, obviating the benefit of an RHCT in the majority of these MHI patients. 7, 8 While management of MHI patients with ICB includes a routine RHCT in most trauma centers, since 2003, routine RHCT scans are obtained at the discretion of the attending physician at our trauma center. Patients with a normal mental status are now monitored clinically and managed without a routine RHCT, thus reducing hospital costs 9 and radiation exposure. 10, 11 The goal of this study was to compare the neurologic outcomes of MHI patients with ICB and a normal mental status 24 hours after presentation, who were managed with or without a routine RHCT. We hypothesized that the outcomes of these MHI patients would be similar with or without routine RHCT.
PATIENTS AND METHODS
As of 2003, the decision to perform a routine RHCT at the University Hospital in MHI patients with a normal mental status was kept under the discretion of the attending physician. MHI patients with an abnormal mental status underwent a routine RHCT, while MHI patients with an acute clinical deterioration continued to receive an emergent RHCT.
The trauma registry and medical records of adult (aged Q18 years) blunt trauma MHI patients with an ICB admitted to our Level I trauma center in a 65-month period (August 2003 to December 2008) were retrospectively reviewed. MHI was defined as a head injury associated with loss of consciousness and/or retrograde amnesia resulting in a GCS score of more than 12 on arrival to the emergency department (ED).
Inclusion criteria consisted of MHI patients with ICB managed with or without RHCTwith a normal neurologic status (GCS score, 15) 24 hours after ED arrival. Exclusion criteria included (1) a history of brain disease (e.g., Alzheimer's or dementia), a history of brain injury (e.g., previous TBI or stroke), liver cirrhosis, renal failure, coronary artery disease, bleeding, or clotting disorder; (2) immediate or planned neurosurgical intervention after initial HCT; (3) inability to determine neurologic status within the first 24 hours of presentation typically secondary to intubation and sedation unrelated to MHI; (4) acute neurologic deterioration after initial HCT requiring emergent RHCT; and (5) poor medical documentation caused by initiation of TBI treatment at outside hospital or incomplete medical records.
Patient demographics including age, sex, mechanism of injury, GCS score on arrival to ED, Injury Severity Score (ISS), and head Abbreviated Injury Scale (HAIS) score were collected. Neuroradiologic reports were used to record date, time, and findings of HCT. Patients received an NE every 2 to 4 hours by nursing staff. This was documented on a flow sheet, and residents were notified of any acute changes (decline in GCS score, orientation, focal neurologic deficits, postconcussive symptoms, nausea/vomiting). Trauma surgery residents/attending trauma surgeons, neurosurgery residents/attending neurosurgeons, and medical students were available as needed to evaluate acute neurologic changes. Neurologic status at time of admission was obtained from ED medical records and subsequently from progress notes of the neurosurgical consultants, attending trauma surgeons, and/or nurses. Any additional scans or neurosurgical interventions until discharge were recorded.
Primary patient outcome measures included neurosurgical intervention or change in management after RHCT or 24 hours after presentation. Other outcome measures included in-hospital mortality, hospital length of stay (LOS), and discharge disposition. A neurosurgical intervention was defined as a craniotomy, ventriculostomy, or intracranial pressure monitor placement. Change in management was defined as administration of mannitol or transfer to an intensive care unit (ICU). Early neurologic outcome measures included GCS score at discharge and functional outcome. Functional outcome was assessed using the Glasgow Outcome Scale (GOS), as a gross measure of neurologic functioning and independence. 12 A favorable functional outcome on discharge was defined as a GOS score of 4 (moderate disability) or 5 (good recovery). Notes from nurses, physical therapists, and physicians were evaluated to assess the patient's GOS score. Additional data collection included follow-up appointments, return to ED, and/or hospital readmission after initial discharge (if related to TBI). Postdischarge analysis ranged from 3 to 8 years.
Descriptive analyses were performed using Microsoft Excel (2008) to provide means (TSDs) or raw percentage as necessary. In addition, SPSS (version 14.0, SPSS, Inc., Chicago, IL) was used for independent t-tests, Mann-Whitney U tests, and Fisher's exact tests. Statistical significance was defined as p G 0.05 for all comparisons. This retrospective chart review was approved by the institutional review board of the University of Medicine and Dentistry of New Jersey and conducted under a waiver of consent.
RESULTS
During the 65-month study period, 864 patients presented to the University Hospital with MHI and an ICB on initial HCT caused by blunt trauma. Of these, 483 (56%) were excluded for the following reasons: (1) 170 (20%) had preexisting medical conditions; (2) 34 (4%) required a neurosurgical intervention after initial HCT; (3) 19 (2%) had acute neurologic deterioration less than 12 hours after initial HCT and underwent an emergent RHCT, five (26%) of which resulted in a neurosurgical intervention; (4) 87 (10%) had incomplete neurologic monitoring during the first 24 hours after arrival because of intubation (unrelated to TBI); and (5) 173 (20%) were transferred from outside institutions or had incomplete medical records ( Fig. 1) .
A total of 381 patients were further reviewed; 60 (16%) patients had a persistently abnormal NE 24 hours after arrival to the ED and were excluded. The 321 (84%) remaining patients had a normal neurologic status (GCS score, 15) 24 hours after arrival and comprised the population of interest. Of these patients, 179 (56%) were managed without an RHCT, while 142 patients (44%) had routine RHCT to monitor for ICB progression. There were no significant differences in the demographic characteristics, injury severity, or ED disposition between both groups (RHCT and no RHCT) ( Table 1) . Although mean GCS score did not differ between both groups, the RHCT group had significantly more patients with GCS scores of less than 15 (GCS scores, 13Y14) on ED arrival compared with the group of patients managed without a routine RHCT (p = 0.002). Notably, all patients in this study had normal NE (GCS score, 15) 24 hours after arrival.
The initial HCT for all patients was performed an average of 1.2 (T1.1) hours from arrival to the ED. On initial HCT, the most common ICB (53%) in both groups was subarachnoid hemorrhage ( Table 2 ). In patients who received a routine RHCT (average of 24.9 T 33.0 hours after initial HCT; median, 16.3 hours), there was no change in findings of 80 patients (56%), improved findings in 43 patients (30%), and worse findings in 19 (13%), as compared with the initial HCT. Of the 19 patients who had worse RHCT findings, eight (42%) RHCTs demonstrated new ICB and 15 (79%) RHCTs demonstrated increased size of ICB previously seen on initial HCT. Four of these patients had both progression of previously seen ICB and new ICB. However, none of the routine RHCT obtained within 24 hours resulted in a management change or neurosurgical intervention. Eight (42%) of the 19 patients with worse findings on RHCT received a third HCT. The third HCT demonstrated no significant change in five (62%) of these eight patients and improved findings in the remaining three (38%) patients. None of these 19 patients required a fourth HCT during their hospital stay.
After the first 24 hours of observation, no study patient required neurosurgical intervention or change in management, regardless of initial management with or without an RHCT. There was no mortality in either group, and all patients had favorable neurologic outcomes (GOS score, 93), with 97% being discharged home (Table 3) . Patients managed without an RHCT had significantly shorter LOS than those managed with an RHCT (2.2 T 2.3 days vs. 4.3 T 6.0 days; p G 0.001, independent t-test). However, there was no significant difference in the neurologic outcomes or discharge dispositions of both groups.
Postdischarge follow-up (ranging from 3 to 8 years) revealed that 76 patients (24%) returned for an uneventful followup visit in the outpatient clinic, and 14 patients (4%) returned to our ED complaining of symptoms related to their TBI [7 (5%) from the no RHCT group, and 7 (4%) from the RHCT group]. Most patients (n = 13, 93%) returned to the ED within 2 weeks of discharge. Follow-up HCT scans were obtained in 12 (86%) of the 14 patients who presented to the ED. The majority (58%) of follow-up HCTs demonstrated improvement in HCT findings, four (33%) demonstrated no significant change from a previous HCT, and one (8%) demonstrated a worse HCT finding. However, none of these patients required hospital admission or neurosurgical intervention related to their TBI.
DISCUSSION
To date, the use of routine RHCT in TBI patients remains unclear. 4 However, several studies suggest that RHCT in MHI patients with ICB are only warranted following neurologic deterioration after the initial HCT. 5Y8 Based on these studies, as well as our clinical experience with MHI patients, we have ceased to obtain routine RHCT in those patients with a normal mental status. The goal of this study was to compare the early neurologic outcomes of this subgroup of MHI patients with an ICB managed with or without a routine RHCT.
Our data suggest that there is no significant difference in the overall neurologic outcomes of these MHI patients managed with or without an RHCT based on GOS score, GCS score on discharge, and discharge disposition. The vast majority of the patients (97%) in both groups were discharged home, and all patients were discharged with a favorable neurologic outcome (GOS score, 93). Following the first 24 hours of observation, patients managed without an RHCT had no acute neurologic deterioration and did not require subsequent scans or delayed neurosurgical interventions. None of the patients in the study population required readmission to our institution secondary to their TBI.
Our study is the first to compare the early neurologic outcomes of MHI patients with or without a routine RHCT and supports other studies that suggest that an RHCT obtained in a patient with a normal mental status is not warranted. Both prospective 8 and retrospective 7 studies at our institution demonstrated that there was no use for routine RHCT scans in patients with a persistently normal NE. A retrospective analysis of 179 MHI patients by Velmahos et al. 5 reported that routine RHCT scans without preceding clinical deterioration did not prompt a change in management. Similarly, a prospective analysis of 274 TBI patients, stratified by severity, found that no patient with a mild or moderate TBI underwent an intervention after a routine RHCT. 6 Another prospective study of 100 TBI patients by Brown et al. 13 found that 90% of RHCT was performed on a routine basis without neurologic change and did not predict neurosurgical intervention. Our findings, in combination with the aforementioned studies, suggest that routine RHCT in MHI patients who remain neurologically normal is not indicated.
Our data also suggest that the management of MHI patients without an RHCT has a positive impact on hospital LOS. In this study, patients managed without an RHCT were discharged home earlier than those who received an RHCT (2.2 days vs. 4.3 days; p G 0.001, independent t-test). There were no significant differences in demographic information, mean GCS score on arrival, severity of overall injury (ISS), or severity of head injury (HAIS) between the two groups that might account for the difference in LOS. The routine RHCT group had a higher proportion of patients with multiple HCT findings on initial HCT and GCS scores of less than 15 on arrival when compared with patients who were not managed with a routine RHCT scan. It is unclear whether this played a role in the difference in hospital LOS and was not the focus of our study. The overall hospital LOS of patients in the current study (3.1 T 4.5 days) seems to be relatively shorter than those of other MHI studies (7 T 12 days; 5 12 T 12 days 8 ) but similar to what we reported in our prospective study 7 involving MHI patients with a normal mental status (mean, 4 days). Brown et al. 6 also reported that the 70 MHI patients managed without an RHCT had shorter ICU LOS (0.4 vs. 3 days; p = 0.0003) and hospital LOS (6 vs. 10 days; p = 0.02) compared with the 72 patients managed with RHCT. It is unclear why patients managed without an RHCT had a 50% shorter hospital stay (2 days less) compared with those who received an RHCT. One possible factor is the delay in initiation of ambulation by physical therapy. In patients managed with an RHCT, ambulation with physical therapy is typically delayed until the RHCT is completed, officially reviewed by radiology, and clearance obtained by the neurosurgical team. Other factors including patient resources, placement difficulties, alcohol/drug recovery time, and postconcussive symptoms may be at play. Further studies examining factors influencing hospital LOS in MHI patients may be warranted to answer this question.
In our study, none of the patients with a normal mental status managed with or without an RHCT required a neurosurgical intervention at any point during their hospital stay. However, a recent retrospective study by Bee et al.
14 seems to contradict these observations. They reported that five patients (2%) with worsening RHCT, but no clinical deterioration, underwent craniotomies. Based on their findings, they support the use of routine RHCT in MHI patients with a normal NE. While their conclusions seem to contradict our findings, and those of others, there are various factors to consider. While progression of ICB is known to occur in 20% to 28% of patients with an MHI, 6,7 the majority of ICB progression seen on RHCT of MHI patients is not clinically significant and does not require neurosurgical intervention. Previous studies from our institution (2) 1 (1) 4 (3) suggest that the majority of these patients that have ICB progression on their second HCT will show no further progression on their third HCT. These patients are discharged with a good neurologic outcome and without further neurosurgical intervention or change in management. 7, 8 In our previous study of 304 MHI patients with an ICB, serial HCT scans revealed that 96% of ICBs stopped progressing by 24 hours after presentation and 99% by 48 hours. 15 Bee et al. 14 reported a higher rate of neurosurgical intervention (8.7%) when compared with those of similar studies in MHI patients (1.5%, 8 3.5% 6 ). Their study seemingly did not exclude coagulopathic patients or those receiving anticoagulation, factors known to increase the risk of ICB progression. 16 Furthermore, it is possible that the threshold to operate based on HCT findings in MHI patients, including ICB size or progression, may vary between institutions and warrants further investigation.
Despite the multitude of benefits of reducing the number of unnecessary CT scans and the lack of adverse outcomes demonstrated in our study and those of others, we recognize the general concern for progression of ICB and potential need for a delayed neurosurgical intervention. Our study, however, demonstrated that, of the 179 consecutive MHI patients with a persistently normal NE, none required a delayed neurosurgical intervention or change in management. Furthermore, none of these patients required readmission to our institution secondary to their TBI. We have identified a subgroup of MHI patients for which it is safe to forego routine RHCT.
There are several limitations of this study: (1) a moderate sample size from a single institution, (2) the retrospective nonrandomized study design, (3) lack of standardized blinded HCT interpretations, (4) limited long-term follow-up, and (5) patient population was not limited to isolated TBI patients. As previously mentioned, routine RHCT was ordered based on physician preference. Although this was not a randomized study design, there was no significant difference between demographics, types of HCT findings, or mean GCS score on arrival. However, it remains possible that the multiple types of TBI or arrival GCS score of less than 15 may have been factors that increased the likelihood of attending physicians opting to manage patients with routine RHCT scan. Because of the retrospective nature, we were unable to standardize times that routine RHCT were obtained, on average 24.9 T 33.0 hours after the initial HCT. The median time interval was 16.3 hours, clarifying that a small number of RHCTs were delayed for various reasons. Although there is no specific timing of RHCT outlined in TBI guidelines, there is general agreement among multiple studies that the RHCT should be scheduled within 12 to 24 hours of the initial HCT. 17Y22 The standard in most trauma centers, including our own, is to obtain an RHCT within 12 to 24 hours. The timing of RHCT in our study is comparable to that of other MHI studies, as a recent systematic review by Stippler et al. 23 showed that mean (TSD) time of second HCT scan from the time of trauma was 21.2 hours (T7.9 hours). Another systematic review analyzing the role of RHCT in all TBI patients, by Wang et al., 4 reported that the RHCT was performed a median of 23 hours after the initial HCT. It is to be noted that 19 patients (2%) were excluded from our analysis because they acutely deteriorated less than 12 hours after presentation and, therefore, before a routine RHCT would have been scheduled. In addition, the findings and conclusions of this study do not apply to patients meeting any of the exclusion criteria or to hospitals where staffing for reliable serial NEs (especially in the first 24 hours after admission) or resources allowing for timely RHCT are not available.
There are many potential benefits of implementing our study's recommendations. Our findings in MHI patients, along with those of Brown et al., 6 indicate that MHI patients managed with serial NEs and no RHCT benefit from a significantly shorter hospital LOS. A shorter hospital LOS would decrease heath care costs and result in a more efficient use of hospital staff and resources. Figg et al. 9 reported that the estimated cost of 117 serial HCT scans obtained in their study was $76,635 when taking into account charges of radiologists, nursing, and transport in addition to the HCT itself. In addition, it has been estimated that if the rate of current imaging use continues, 1.5% to 2% of future cancers may be attributable to the associated radiation exposure. 24, 25 Our study is the first to compare early neurologic outcomes of MHI patients with or without a routine RHCT. The results suggest that routine RHCT is not warranted in MHI patients with a normal mental status. In fact, patients managed without an RHCT have similar neurologic outcomes, shorter hospital LOS, and decreased radiation exposure. Our data suggest that initial HCT followed by serial NEs (not routine RHCT) should be the standard of care in this patient population. Multicenter prospective studies are needed to further validate these conclusions.
